Frondibacter mangrovi sp. nov., a member of the family Flavobacteriaceae isolated from seawater by in situ cultivation, and emended description of Frondibacter aureus 
The family Flavobacteriaceae [1, 2] , the major phylogenetic lineage within the phylum Bacteroidetes [3, 4] , comprises more than 140 validly named genera and hundreds of species (www.bacterio.net/flavobacteriaceae.html). They have been found in a wide variety of ecosystems [5] [6] [7] , and are associated with the degradation of complex bio-organic macromolecules [8] and planktonic blooms [9] . However, a large number of the known 16S rRNA gene sequences also remain to be cultivated and characterized as representative of new taxa. The in situ cultivation technique [10] has enabled us to study the ecology and taxonomy of many as yet uncultivated marine bacteria [10] [11] [12] . The genus Frondibacter, a member of the family Flavobacteriaceae, was first proposed by Yoon et al. [13] . At the time of writing, the genus Frondibacter consisted of only one marine species, Frondibacter aureus A5Q-67 T [13] , which was isolated from a piece of dark brown leaf litter collected at a mangrove estuary. In this study, we characterized a marine Frondibacter strain, 02OK1/10-76 T , isolated from seawater by using polyphasic taxonomic methods, including 16S rRNA gene sequence analysis, and physiological, biochemical and chemotaxonomic analyses. Based on data from this polyphasic taxonomic study, we suggest that the isolate represents a novel species of the genus Frondibacter in the family Flavobacteriaceae within the phylum Bacteroidetes.
Strain 02OK1/10-76
T was isolated by using the in situ cultivation technique. The strain was isolated from a polyurethane foam (PUF) block. The PUF block was immersed in the sea for 30 min at the rhizosphere of a mangrove in Gesashi Bay, Okinawa, Japan, in May 2002. A piece of the PUF block (1 cm   3 ) was homogenized with a glass rod in 5 ml of sterile seawater. A 100 µl sample of the homogenate was applied to the surface of an agar plate containing 1/10 strength marine broth 2216 (Difco) diluted with natural seawater. Several colonies that developed in 1 week at 25 C were picked and restreaked onto 1/10 strength marine agar 2216 (Difco) plates, and the procedure was repeated twice. A colony with a light-yellow colour was picked up as being representative of several colonies, the strains of which were labelled 02OK1/10-76 T , and was used for further investigation. Strain 02OK1/10-76 T was routinely subcultured on marine agar 2216 at 30 C and maintained in marine broth 2216 supplemented with 40 % (v/v) glycerol at -80 C.
Genomic DNA was extracted by using the Wizard Genomic DNA Purification Kit (Promega) following the manufacturer's instructions and cells were harvested from marine agar 2216 plates after 3 days of incubation at 30 C; the DNA base composition was determined using the HPLC method of Mesbah et al. [14] . The reciprocal genomic DNA G+C content was calculated in triplicate. The G+C content of the genomic DNA of strain 02OK1/10-76 T was 35 mol%. An approximately 1500 bp long fragment of the 16S rRNA gene was amplified from the extracted DNA by using bacterial universal primers specific to the 16S rRNA gene: 27F and 1492R (Escherichia coli numbering system; Weisburg et al. [15] ). The almost-complete 16S rRNA gene sequence was determined for strain 02OK1/10-76 T (GenBank/EMBL/ DDBJ accession number LC221831). To ascertain the phylogenetic position of the novel isolate, the 16S rRNA gene sequence of strain 02OK1/10-76
T was compared with sequences obtained from GenBank/EMBL/DDBJ. The EzBioCloud database [16] was used to identify the nearest phylogenetic neighbour. Multiple alignments of the sequences were performed using CLUSTAL X (version 1.83) [17] . Alignment gaps and ambiguous bases were not taken into consideration when 1370 bases of the 16S rRNA gene were compared. Evolutionary distances (distance options according to Kimura's two-parameter model; [18] ) were calculated and clustering was performed with the neighbour-joining [19] , maximum-parsimony [20] and maximum-likelihood [21] methods using MEGA5 software [22] . The topology of the phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein [21] with 1000 replicates. An evolutionary tree based on the neighbour-joining method generated a comparison of the 16S rRNA gene sequences and showed that strain 02OK1/10-76 T was phylogenetically affiliated with species of Frondibacter, a genus belonging to the family Flavobacteriaceae (Fig. 1) . Analysis of the 16S rRNA gene sequence also indicated that strain 02OK1/10-76 T showed the highest similarity (96.9 %) to F. aureus A5Q-67 T , which is the only validly named species in this genus. The next most closely related type strain was Imtechella halotolerans K1 T (94.7 % sequence similarity). Sequence similarity was less than 94.7 % with all other members of the family Flavobacteriaceae with validly published names (Fig. 1 ).
Cell morphology was observed by using transmission electron microscopy and motility was measured by phase contrast microscopy (Primo Star; Zeiss). Gliding motility was determined using a direct microscopic examination of the edge of a young colony on an open agar plate as described by Bernardet et al. [2] . For transmission electron microscopy, cells were loaded onto glow-discharged electron microscopy grids covered with continuous carbon film and negatively stained with 2 % (w/v) uranyl acetate. Grids were observed using a Tecnai G2 spirit (FEI) transmission electron microscope operated at 120 kV at a magnification of 15000Â. Cells of strain 02OK1/10-76 T grown on marine agar 2216 were straight rods, 0.5-0.6 µm in width and 1.2-1.3 µm in length, devoid of flagella or cell appendages ( Fig. 2 ) and produced a light-yellow pigment. Gliding motility was not observed by phase contrast microscopy. Flexirubin-type pigments were not produced. The temperature range (4, 10, 15, 20, 25, 30, 37, 40 and 45 C) and pH range (5.5-9.5 at increments of 0.5 pH unit) for growth were determined by incubating the isolate for 1 week on marine broth 2216. The buffers for pH tests were prepared according to the method described by Yoon et al. [23] . The NaCl concentration for bacterial growth was determined on TY broth medium [1 % tryptone, 0.3 % yeast extract, 0.9 % MgCl 2 Á6H 2 O, 0.9 % MgSO 4 Á7H 2 O, 0.2 % CaCl 2 Á2H 2 O, 0.06 % KCl, with 0-10 % (w/v) NaCl (at increments of 1 %)] and the cells were grown at 30 C. Gram-staining was performed using the BD Gram-Staining Kit (Becton Dickinson). Spore formation was tested by staining with malachite green. Anaerobic growth was tested for up to 2 weeks on marine agar 2216 in a jar 
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Zhouia amylolytica HN-171 T (DQ423479) Fig. 1 . Neighbour-joining tree of 16S rRNA gene sequences, showing the phylogenetic position of strain 02OK1/10-76 T and representatives of closely related and other more distantly related taxa in the phylum Bacteroidetes. The tree was rooted using Haliscomenobacter hydrossis DSM 1100 T (AJ784892) as an outgroup. Numbers at nodes indicate the percentages of occurrence of the strain in 1000 bootstrapped trees. The sequence determined in this study is shown in bold. Bootstrap values from neighbour-joining, maximum-parsimony and maximum-likelihood analyses are shown (NJ/MP/ML). Bar, 2 % sequence divergence.
containing AnaeroPack-Anaero (Mitsubishi Gas Chemical), which acts as an O 2 absorber and CO 2 generator. Catalase activity was detected by observation of the formation of bubbles in 3 % (v/v) H 2 O 2 solution [24] . The oxidase activity test was performed using commercial dropper oxidase reagent (Becton Dickinson). DNase activity was tested using marine agar 2216 containing 0.2 % DNA and 0.005 % methyl green [25] . Hydrolysis of casein was investigated by using marine agar 2216 containing 0.1 % skimmed milk [26] . A tyrosine degradation test was performed using the method of Lewin and Lounsbery [27] . The ability to hydrolyse Tweens 20 and 80 was determined based on the method of Hansen and Sørheim [25] . API 20E, API 50CH and API ZYM strips (bioM erieux) were used to determine physiological and biochemical characteristics. All suspension media for the API test strips were supplemented with 0.85 % (w/v) NaCl solution (final concentration). The strips were incubated at 30 C for 7 days, 7 days and 3 h, respectively, and the results were recorded according to the manufacturer's instructions. The test for hydrolysis of gelatin and urea was performed by using the API 20E strip. Hydrolysis of agar and starch was examined by using marine agar 2216 and the API 50CH system, respectively. Nitrate reduction was determined by using the API 20E system. Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution [2] . The phenotypic characteristics of strain 02OK1/10-76 T are given in Table 1 and in the species description. Strain 02OK1/10-76 T could be distinguished from the closest related species F. aureus A5Q-67 T by the following major features: O 2 requirement, acid production, enzyme activity and polar lipid profile (Table 1) .
GC analysis of the cellular fatty acid methyl esters was performed by using an Agilent 6890 gas chromatograph. Strain 02OK1/10-76 T was cultured on marine agar 2216 at 30 C for 3 days and fatty acid methyl esters were extracted and prepared according to standard protocols provided by the MIDI/Hewlett Packard Microbial Identification system Sherlock Version 3.10/TSBA 50 [28] . The results are given in Table 2 and in the species description. Strain 02OK1/10-76 T could be distinguished from F. aureus A5Q-67 T by different proportions of C 15 : 0 3-OH, iso-C 15 : 1 G, C 15 : 1 !6c, C 16 : 0 3-OH, iso-C 16 : 1 H, C 17 : 0 2-OH and summed feature 1 (iso-C 15 : 1 H and/or C 13 : 0 3-OH), indicating that strain 02OK1/10-76 T probably represents a distinct species of the genus Frondibacter within the phylum Bacteroidetes ( Table 2 ). Polar lipids were extracted according to the procedures described by Minnikin et al. [29] . They were identified by two-dimensional TLC followed by spraying with appropriate detection reagents [29, 30] . Whole lipid profiles were detected by spraying with 5 % molybdatophosphoric acid (5 g molybdatophosphoric acid hydrate in 100 ml ethanol) followed by heating at 150 C [31] . Phospholipids were detected by spraying with molybdenum blue. Glycolipids were detected by spraying with a-naphthol followed by heating at 80 C. Aminolipids were detected by spraying with ninhydrin followed by heating at 8 C. The polar lipids of strain 02OK1/10-76 T were phosphatidylethanolamine, three unidentified aminolipids, an unidentified aminophospholipid and an unidentified lipid (Table 1 and Fig. S1 , available in the online version of this article). Quinones were extracted from freeze-dried cells with chloroform/ methanol (2 : 1, v/v) and n-hexane. Samples were eluted with methanol/2-propanol (2 : 1, v/v) at a flow rate of 1 ml min
À1
. Determination of the respiratory quinone system was carried out as described previously [32] . The major menaquinone of the novel strain was MK-6, which is identical to members of the family Flavobacteriaceae (Table 1) .
From the distinct phylogenetic position and combinations of genotypic and phenotypic characteristics, strain 02OK1/ 10-76 T represents an independent species of the genus Frondibacter, for which the name Frondibacter mangrovi sp. nov. is proposed.
DESCRIPTION OF FRONDIBACTER MANGROVI SP. NOV.
Frondibacter mangrovi (man.gro¢vi. N.L. gen. n. mangrovi of a mangrove).
Cells are strictly aerobic rods, 0.5-0.6 µm in width and 1.2-1.3 µm in length. Cells lack flagella and are non-motile. Gliding motility is not observed. Colonies grown on marine agar 2216 are circular and light-yellow-pigmented after 3 days of incubation at 30 C. Catalase-and oxidase-positive. Flexirubin-type pigments are absent. Growth occurs at 10-37 C (optimum 30 C), at pH 5.5-9.5 (optimum pH 7.0) and with 0-7 % (w/v) NaCl (optimum 2 %). Nitrate is not reduced. DNA, gelatin, urea, and Tweens 20 and 80 are hydrolysed but agar, casein, starch and tyrosine are not. The reactions for 
Acid production from:
Enzyme activity of: three unidentified aminolipids, an unidentified aminophospholipid and an unidentified lipid.
The type strain is 02OK1/10-76 T (= KCTC 52666 T = NBRC 112695 T ), which was isolated from seawater in Gesashi Bay, Okinawa, Japan, by using an in situ cultivation technique. The G+C content within the genomic DNA of the type strain is 35 mol%.
EMENDED DESCRIPTION OF FRONDIBACTER AUREUS YOON ET AL. 2015
The description is as given by Yoon et al. [13] with the following amendment. Growth occurs at 10-40 C (optimum 25 C), at pH 5.5-9.5 (optimum pH 7.0) and with 0-9 % (w/v) NaCl (optimum 1 %). DNA, tyrosine, and Tweens 20 and Tween 80 are hydrolysed. 
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